INTRODUCTION
============

Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by chronic inflammation of the joints, which may lead to joint destruction and disability. The prevalence of RA is about 1% of the population worldwide, and genetic factors have been estimated to account for 60% of the disease risk ([@B1]). Genetic variation is believed to be important in determining both the susceptibility to and severity of RA, with the strongest association being observed in the HLA region, in particular, with HLA-DRB1 alleles ([@B1]). The shared epitope (SE) hypothesis has been proposed to explain susceptibility to RA, based on the observation that HLA-DR specificities associated with the disease share a similar amino acid sequence in the third hypervariable region of the HLA-DRB1 molecule ([@B2], [@B3]). Many studies have attempted to clarify this relationship, but there has been no definite consensus to date ([@B4]). Differences in results may be related to the ethnic and clinical heterogeneity of the patients studied or to the relatively small numbers of patients in each study.

Meta-analysis is one way to overcome the problems of small sample size and inconsistent results. Combining the results from several studies can achieve greater statistical power. Well-designed meta-analyses of Caucasian and Native American populations have provided evidence showing a strong association between HLA-DRB1 and RA susceptibility and severity ([@B4], [@B5]). To date, however, there have been no meta-analyses on other ethnic groups, especially for Asian-Mongoloid populations. Individual studies have reported different results regarding the association of HLA alleles with RA. For example, some have reported that the frequency of the HLA-DRB1 \*0101 and \*0401 alleles are significantly increased in RA patients, whereas others have found no associations ([@B6]-[@B9]). Therefore, we performed a meta-analysis on the association between HLA and RA in Asian-Mongoloid population.

MATERIALS AND METHODS
=====================

Search strategy and inclusion criteria
--------------------------------------

We searched Pubmed and EMBase using the keywords \'human leukocyte antigen\' and \'rheumatoid arthritis\' for all English language articles published between 1 January 1987 and 31 July 2006. The start time was based on the introduction of molecular DRB1 typing in 1987 ([@B10]). We also included studies referenced in any articles selected.

One reviewer evaluated the materials and methods section of all identified articles, and selected only those that met all the inclusion criteria as follows: 1) HLA-DRB1 alleles were molecularly typed (high resolution level), 2) controls and RA patients were Asian-Mongoloid populations, and 3) materials and methods were well-described and reliable. Although assessment of study quality is considered important for systematic reviews and meta-analyses, scoring methods have been considered problematic ([@B11]) and may not accurately assess the quality measures of interest ([@B12]). Therefore, we used reliability of patient selection, molecular typing method, and statistical analysis method as quality variables.

HLA-DRB1 alleles were considered only when they were typed in at least 2 independent studies. The frequency of HLA-DRB1 alleles varies according to ethnic and racial background, with some alleles being extremely rare. Therefore, articles were not required to identify all alleles for inclusion.

Statistical analysis
--------------------

Comparisons of allele frequencies between patients and controls were made using the Z test ([@B13]) and summary odds ratios (ORs) with 95% confidence intervals (CIs). Summary ORs were computed using fixed effects models of the Mantel-Haenszel method ([@B13]), and the heterogeneity of the study results was evaluated with chi-square-based Q statistics. For the Mantel-Haenszel method, the test for heterogeneity is based on the weights from the inverse-variance method ([@B13]). Considering the low power of the Q statistic, the heterogeneity test was considered significant when the *p* value was less than 0.1 ([@B14]). Publication bias was assessed graphically by funnel plot ([@B15]) and was statistically evaluated by the regression asymmetry test ([@B16]), which has been shown to be a powerful test for assessment of publication bias ([@B17]). Finally, the trim and fill method was used to adjust for publication bias ([@B18]). All analyses were performed using MedCalc for Windows, version 9.0 (MedCalc Software, Mariakerke, Belgium) and Comprehensive Meta Analysis V2 (Biostat, Englewood, NJ, U.S.A.).

HLA structure analysis
----------------------

The radiography crystal structure of HLA-DRB1\*0401 in complex with a peptide from human collagen II (PDB entry 2SEB) was used as a structural template. The molecular modeling with energy minimization was carried out on an OCTANE R1200 Silicon Graphics workstation with X-build module of QUANTA software and Affinity module of Insight II from Accerlys, Inc. Side chain conformations of the modified residues were assigned to the preferred conformer most similar to the conformation of the side chain in the crystal structure templates and backbone conformations were not changed under restraint. The qualities of the models were analyzed by PROCHECK ([@B19]).

RESULTS
=======

Study characteristics included in this meta-analysis
----------------------------------------------------

A total of 5,234 articles were identified using the keywords \'human leukocyte antigen\' and \'rheumatoid arthritis\'. After reviewing the abstracts, we selected 22 articles that studied the association of HLA-DRB1 alleles with RA patients in Asian populations. Ten of these articles were excluded from the analysis: 2 were duplicate publications, 5 had only serologic results, and 3 were studies in non-Mongoloid populations. Therefore, a total of 12 studies, which included 2,204 RA patients and 2,375 healthy controls, were used in our meta-analysis ([@B6]-[@B9], [@B20]-[@B27]). Characteristics of the studies included are presented in [Table 1](#T1){ref-type="table"}. All of 12 studies were reporting the association between HLA-DRB1 alleles and RA in Asian-Mongoloid patients, including Korean, Japanese, Chinese, and Thai individuals. The high-resolution typing for HLA-DRB1 alleles was performed with adequately described methods. All studies had a cross-sectional design.

Association of DRB1 alleles with RA susceptibility
--------------------------------------------------

A total of 30 alleles were assayed in the 12 studies: HLA-DRB1\* 0101 (DR1); DRB1\*1501, \*1502, and \*1602 (DR2); HLA-DRB1\*0301 (DR3); HLA-DRB1\*0401, \*0402, \*0403, \*0404, \*0405, \*0406, \*0407, \*0408, and \*0410 (DR4); DRB1\*1101 and DRB1\*1201 (DR5); DRB1\*1301, \*1302 \*1401, \*1402, \*1403, \*1405, and \*1406 (DR6); HLA-DRB1\*0701 (DR7); HLA-DRB1\*0802 and \*0803 (DR8); HLA-DRB1\*0901 (DR9); and HLA-DRB1\*1001 (DR10). The results of meta-analysis are summarized in [Table 2](#T2){ref-type="table"}, [3](#T3){ref-type="table"}. The summary ORs showed that Asian-Mongoloid patients with RA had significantly higher frequencies of HLA-DRB1\* 0101, \*0401, \*0410, and \*1001 than controls (OR 1.5-2.1, *p*\<0.05 for association). In contrast, the HLA-DRB1 \*0301, \*0403, \*0406, \*0701, \*1301, and \*1405 alleles showed negative associations with RA (OR 0.32-0.70, *p*\< 0.05 for association). Six of the 30 alleles (HLA-DRB1\*0405, \*0802, \*1202, \*1302, \*1403, and \*1501) showed significant heterogeneity (*p*\<0.1 for heterogeneity). When the analysis was restricted to similar ethnic populations (i.e., the Korean, Japanese, and Chinese cohorts), 2 of the alleles (HLA-DRB1\* 0405 and \*1403) no longer showed significant heterogeneity. In the case of the HLA-DRB1\*0405 allele, however, a subgroup analysis of the 4 studies in Korean patients showed a significant association with RA susceptibility (OR 5.65, 95% CI 4.32-7.39). Subanalysis of HLA-DRB1\*1403 in Japanese patients also showed homogeneity, but the OR was not significant (*p*=0.402 for association).

The funnel plot to detect publication bias ([@B15]) showed relatively symmetric for most alleles, except for HLA-DRB1\* 1405 (not shown). Moreover, the regression asymmetry test ([@B16]) did not reveal significant evidence for publication bias (*p*\<0.1), while studies on the HLA-DRB1\*1405 allele still showed significant publication bias (*p*=0.011).

Structural basis for RA susceptibility or protection
----------------------------------------------------

In the SE hypothesis of RA, the amino acid residue at DR 71 is critical for binding to the P4 position of the bound antigenic peptide, thus profoundly influencing T cell recognition and immune response. For example, a positively charged residue (lysine or arginine) at position DR 71 can form a salt bridge with a negatively charged residue (aspartate or glutamate) at the P4 position. A modeling study of the MHC class II-peptide-TCR interaction has shown that the CDR3 loop of TCR is likely to be in contact with the DR residue 71 and the P4 residue of the antigenic peptide ([@B28]-[@B30]). RA susceptible alleles with a positively charged residue at 71 can accommodate only an antigenic peptide with a negatively charged P4 residue, and the microenvironment of the salt bridge between them can be optimally recognized by the CDR3 loop of TCR, causing signaling immunocyte activation.

Based on the amino acid sequences of alleles identified as susceptible or protective, however, it was suggested that RA susceptibility is determined by the combination of two residues, 71 and 74, not by 71 alone. Although a positively charged residue at 71 is of primary importance for RA susceptibility of an allele, a residue at 74 cannot be ignored because it can also be involved in the interaction with the P4 residue ([Fig. 1A](#F1){ref-type="fig"}). In RA-susceptible alleles such as DRB1\*0101, 0401, 0405, 0410, and 1001 ([Fig. 1B, C](#F1){ref-type="fig"}), the residue 71 is positively charged and forms a salt bridge with the negatively charged residue P4, while the alanine residue at 74 does not affect this DR 71-P4 interaction due to its small size. In the DRB1\*0403, 0406, and 1405 alleles ([Fig. 1D](#F1){ref-type="fig"}), however, a negatively charged residue, glutamate, at position 74 repels the P4 residue by electrostatic repulsion, resulting in the ability to form the DR 71-P4 salt bridge. This would lead to misalignment of the antigenic peptide in the binding groove and impair antigen recognition by TCR, making these alleles protective against RA. In the DRB1\*0701 allele ([Fig. 1E](#F1){ref-type="fig"}), the position of glutamine at 74 would be determined by a hydrogen bond between the N atom of the side chain of Q74 and the backbone carbonyl oxygen of the 70 residue. Therefore, the partial negative charge on the O atom of the side chain of Q74 would face an acidic P4 residue, preventing the formation of the DR 71-P4 salt bridge by electrostatic repulsion. In the DRB1\*1301 allele ([Fig. 1F](#F1){ref-type="fig"}), 71 is negatively charged and therefore cannot form a salt bridge with an acidic residue at P4. Taken together, these findings indicate that a positively charged residue at 71 is a necessary but not sufficient condition for RA susceptibility, because the residue at 74 can affect the formation of the DR 71-P4 salt bridge.

DISCUSSION
==========

HLA molecules with specific shared epitopes (SEs) are considered to explain about 30-40% of the genetic risk for RA ([@B31]). There are 5 major susceptibility alleles that share the epitopes QKRAA or QRRAA between residues 70 and 74 of HLA-DRB1: DRB1\*0401, \*0404, \*0101, \*0405, and \*1402. Although these SE susceptibility sequences increase the risk for RA, there is some heterogeneity in the relative contribution of these 5 alleles to RA susceptibility. In populations in which DRB1\*0401 and DRB1\*0404 are common, these alleles are usually more associated with the disease than others. Conversely, in populations in which DRB1 \*0401 and DRB1\*0404 are rare, other alleles, such as DRB1 \*0405 and DRB1\*1402, account for the HLA-associated disease risk.

Our meta-analysis of Asian-Mongoloid populations showed that patients with RA had higher frequencies of HLA-DRB1\*0101, \*0401, \*0405, \*0410, and \*1001 than controls. Unlike in Caucasian populations ([@B5], [@B32]), however, the HLA-DRB1\*0404 and \*1402 alleles did not increase the susceptibility to RA in Asian-Mongoloid populations. The lack of association between these alleles, which have the same epitope as HLA-DRB1\*0405, and RA may be a reflection of the low frequency of these alleles in Asian populations ([@B33]). Our meta-analysis also showed that certain DRB1 alleles (HLA-DRB1\*0301, \*0403, \*0406, \*0701, \*1101, \*1301, and \*1405) occur at lower frequencies in RA patients than in controls, suggesting that they have protective effects. The protective alleles identified in Asian patients also differed from those reported in Caucasians (HLA-DRB1\*07, \*1201, \*1301, and \*1501) ([@B3]).

Our structural model can explain the role of SE for most of the alleles showing significant RA susceptibility or protection, except for the protective role of DRB1\*0301 allele. Since HLA-DRB1\*0301 has been reported to be susceptible to other autoimmune diseases such as autoimmune hepatitis ([@B34], [@B35]) and our results on this allele were obtained from only 2 papers, we extended the meta-analysis using papers with low resolution results for DRB1\*03. This was justified with the fact that a great majority of Asian-Mongoloid individuals with HLA-DRB1\*03 are positive for \*0301 ([@B33]). The result showed that HLA-DRB1\*03 was significantly less frequent in RA patients than in controls, although none of the individual studies showed a statistically significunt difference ([Table 4](#T4){ref-type="table"}). HLA-DRB1\*0301 allele has been reported to be marginally protective in Singaporean Chinese, although the statistical significance was lost after Bonferroni correction ([@B7]). The marginal association of DRB1\*0301 with RA protection may arise from loose linkage disequilibrium with other genetic loci near to HLA. Genome scan analysis has revealed that genetic associations with RA are complex and that at least two additional genetic effects are present close to or within the major histocompatibility complex ([@B36], [@B37]). The A9 allele of the MICA gene, located between class I and class II HLA, has been found to be protective against RA in Koreans ([@B38]). Our unpublished data on MICA-DRB1 haplotype distribution showed strong linkage disequilibrium between the DRB1\*0301 and MICA A9 alleles in Koreans (relative linkage disequilibrium=0.633), suggesting that susceptibility of HLA-DRB\*0301 to RA may be due to other nearby genetic loci in linkage disequilibrium.

Our analysis showed that the DRB1\*0405, \*0410, and \*0401 alleles are associated with RA susceptibility whereas the DRB1\*0403 and DRB1\*0406 alleles are associated with RA protection in Asian-Mongoloid individuals. Among the HLA-DR antigens, HLA-DR4 is the most heterogeneous in Asian populations and the DRB1\*0403 and \*0406 alleles are more frequently present in normal Koreans ([@B33], [@B39]) and Japanese ([@B33], [@B40]) than in Caucasians (less than 0.1%) ([@B33], [@B41]). This may be the reason why several studies have reported a lack of association between the DR4 antigen and RA in Asians.

In conclusion, our meta-analysis enabled us to identify the HLA-DRB1 alleles associated with susceptibility to RA in Asian populations. Our structural model supporting SE hypothesis indicated that RA susceptibility is determined by the combination of the residues at 71 and 74, not by 71 alone, for all associated alleles except DRB1\*0301. The weak association between DRB1\*0301 and RA may arise from linkage disequilibrium with nearby susceptible loci. This analysis will provide a basis for further studies concerning the effect of HLA-DRB1 and nearby loci on RA in Asian populations.
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![Structural analysis of the interactions between the P4 residue of the antigenic peptide and the residues at positions 71 and 74 of DRβ in RA susceptible and protective alleles. **(A)** Overall structure of the HLA-DR molecule containing a peptide with a negatively charged residue at P4. The positions of DRβ residues 71-74 are indicated by red labels. The region inside the blue rectangle is magnified in panels B-F. **(B)** Close-up of the interaction of the P4 residue with the HLA DRB1\*0401 molecule. Lysine at position 71 makes a salt bridge with the negatively charged P4 residue, leading to the optimal binding of an antigenic peptide for TCR recognition. A small residue, alanine, at amino acid 74 does not inhibit the salt bridge of DRβ 71-P4. The residues at positions 72 and 73 are not involved in peptide binding. **(C)** Close-up of the interaction of the P4 residue with HLA DRB1\*0101, 0404, 0405, 0410, and 1001. The microenvironment is similar to that of DRB1\*0401 due to the similar properties of arginine and lysine. **(D)** Close-up of the interaction of the P4 residue with HLA DRB1\* 0403, 0406, and 1405. A negatively charged residue, glutamate, at position 74 would repel the negatively charged P4 residue and inhibit formation of the DRβ 71-P4 salt bridge. **(E)** Close-up of the interaction of the P4 residue with HLA DRB1\*0701. The hydrogen bond between the N atom of the side chain of Q74 and the backbone carbonyl oxygen of the β70 residue causes an electrostatic repulsion between the partial negative charge on the O atom of the side chain of Q74 and an acidic P4 residue. **(F)** Close-up of the interaction of the P4 residue with HLA DRB1\*1301.](jkms-22-973-g001){#F1}
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Characteristics of the studies included in the meta-analysis on the association of HLA-DRB1 with RA patients in Asian populations
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RA, rheumatoid arthritis; ND, not described; PCR-SSOP, PCR-sequence-specific oligonucleotides probes; PCR-SSCP, PCR-single strand conformation polymorphism; PCR-SSP, PCR-sequence-specific primer; RFLP, restriction fragment length polymorphism.
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Summary of cumulative meta-analysis for the association between HLA-DRB1 alleles and RA susceptibility in Asian populations
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^\*^*p*\<0.05; ^†^*p*\<0.1.
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Summary of cumulative meta-analysis for the association between HLA-DRB1 alleles and RA susceptibility in Asian populations
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Meta-analysis of the association between HLA-DR3 alleles and RA susceptibility in Asian populations
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